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It has long been a commonplace of meteorological hand-books,
that the winter, or, as it is more frequently (but less accurately) termed,
the north-east monsoon, is due to a reversal of those conditions which,
in the summer season, set in movement a flow of air from equatorial
regions towards the plains of Southern and Eastern Asia. But, beyond
this general statement of fact, very little has been done towards working
out the physical characteristics of this familiar phenomenon of the
Indian winter ; and such vague conceptions as are implied in the popular
theory, leave entirely unexplained the well-known occurrence of rain,
about Christmas time, in Upper India; a region, which, according to
. that theory, should then be the seat of a barometric maximum, the fount
and source of the winter monsoon.

Since the establishment of a Meteorological Department under the
Government of India, has rendered it possible to study the weather of
India as a whole, from day to day, some insight has been gained into
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2 1. 1. Blanford—T"%e Theory of the Winter [No. 1,

the phenomena which precede and accompany the cold-weather rainfall
of Northern India. In cach of the annual reports on the Meteorology
of India, in recent years, two or three instances of this cold weather
rainfall have been described and illustrated at some length ; and at the
present time, although many important points still require further eluci-
dation, it is at least possible to sct forth some gencralizations on the
conditions which usher in the precipitation of the cold-weather rains,
and on the probable source of the vapour which feeds them.

The four charts on Plate I exhibit the average distribution of at-
mospheric pressure in the months of November, December, January, and
February. These charts, being based on the registers of duly verified
barometers during the last seven years, corrected to a common standard
and reduced to sea-level values from elevations, determined in all but
a few exceptional instances, by actual spirit-levelling to the mean sea-
surface, may be accepted as representing, with a near approximation to
truth, the relative differences of pressure which characterize the winter
months in India.* Certain characters common to all, may be regarded
as distinctive of the season. The seat of highest pressure is in the
neighbourhood of Peshawar. Whether this may be taken as indicating
that the pressure on the highlands of Cabul is also greater than at similar
elevations over the plains of India is, however, very doubtful. The
situation of Peshawar on a plain of moderate extent, girt around with
mountains, is such that the high pressure may be and very probably
is a local effect of the cooled air, draining on all sides from the sur-
rounding slopes and filling the basin from which its escape is much
obstructed. A similar high pressure is shewn by some other stations
near the foot of the N. W. Himalaya, of which Dehra is a notable
example. The conditions of pressure at higher elevations over the
Himalaya, will be noticed presently.

The next feature to be noticed is that, throughout the winter
months, the axis of average high pressure on the plains and plateaux
of India, occupies nearly the same situation as that of low pressure at

* Rigorously speaking any such represcntation must of course involve an
element of unreality, which is the greater, the greater the difference of land levels
in the area embraced in the chart ; and, where, as in the case of India, large portions
of the area differ by 2,000 fect and upwards, this clement attains to some im-
portance. Althongh it may not seriously impair the value of the chart as an illus-
tration of the pressnre-differences or potentials which maintain the system of wind-
currents, the fact that the lower strata of air, resting on low alluvial plains, have
no horizontal extension to the higher plateaux and cannot therefore be directly and
immediately influenced by the atmospheric pressure there existing, is one that must
be kept in view in discussing the relation of the winds to the pressure-distribution.
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the opposite scason. It extends from Upper Sind across Rajputana and
the Central India platean to Chutia Nagpur; the pressure along this
axis declining, more or less irregularly, from N. W. to S. Ii. To the
north of this ridge, a trough of relatively low pressure on the Gangetic
plain separates it from the higher pressure along the foot of the Hima-
laya, and, in most years, the pressure in the Punjab is somewhat lower
than that of Western Rajputana. On the other hand, to the south of
this axis, the pressure falls gradually down to Cape Comorin and Tra-
vancore ; being, however, considerably higher on the east than on the
west coast of the peninsula. In fact, the isobars run down the peninsula
almost parallel with the west coast. The low pressure area which runs
down the west coast of the peninsula is prolonged to the north, up the
Gulf of Cambay, producing a northward bend in the isobars of that
region very similar to that shewn by them in the summer monsoon,
but with reversed gradients.

Hence the cold weather distribution of pressure may be not inaptly
described as a reversal of that which characterizes the summer mon-
soon ; but, in the first place, the barometric differences between the
extremes, and thercfore the gradients effective in producing the monscon
current, are less than half as great, and, in the second place, the axis
of high pressure across Northern India lies further south than its
opposite in the summer monsoon. It lies well across the middle of the
plateau to the south of the Ganges, instead of following the course of
the river, or, as not unfrequently happens in the case of the summer
trough of depression, somewhat to the north of it. Thus, both in
summer and winter, low pressure tends to prevail in séme part or other
of the Gangetic valley and the Punjab; but in the summer the gradient
declines towards the N. W., in the winter, to the S. K.

There is reason to believe that this normal distribution of pressure
is restricted to the lower strata of the atmosphere, that is to say, to the
stratum less than 7,000 feet in vertical thickness, measured from the
sea-level. Thus, for instance, a row of stations on the plains of the
Punjab and Ganges, ranging from Peshawar down to Purneal, shews
a small, but decided, fall of pressure from N. W. to S. E., when all the
mean readings arc reduced to their equivalent values at the sea-level.
But if the mean pressures of the hill-stations, Murree, Chakrata, and
Darjeeling (all of which are between 6,000 and 7,000 fect, or a little
over the latter elevation), be reduced to a common level of 7,000 feet,
the gradient at that elevation is found to be slightly, but distinctly, re-
versed ; Darjeeling, the easternmost station, shewing the highest pressure.
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Sea-level Equivalents of Atmospheric Pressure on the Punjab and
Gangetic Plains.

November. December. January.  Fecbrunary.
ms. ns. 1ms. 1ms.
Peshawar ............eveeees 300098 30-174 30-161 30115
Lahore .....c.cocoiiiiiie 023 097 ‘084 029
Delhicoiiniiiiiiiiiiinnn, 017 089 ‘076 020
Lucknow ......ccoceviinnins 008 078 ‘062 ‘006
Patna......ccovceeeeiiinos 29°995 ‘066 060 ‘001
Purneah .....oocoviviinienen -966 -028 036 29-977
Equivalents at 7,000 feet of Atmospheric Pressure at Stations on the outer
Himalaya.
November. December. Janmary. February.
ms. ns. ms. ins.
Darjeeling.......cooevevnnnnns 23:404 23-380 23339 23-320
Chakrata ....covviiiiiinnine -360 *340 305 -281
Murree .oocoveviiniinieiiennn *356 +332 302 268

Tt was shewn also in a paper on the winds of Northern India,* and
in the Indian Meteorologists’ Vade Mecum,t that, as between the
Himalaya and Ceylon, the plane of neutral pressure, in January and
February, is at a lower level than 7,000 feet; but not in the months
of November and December; at least as an average condition. To this
point, which is important, I shall presently return.

These facts of the pressure-distribution prepare us then to expect
that which our wind-registers shew, wiz., that the winter monsoon is a
much shallower, weaker, and more unsteady current than its correlative
of the summer season. On the plains, the air is very calm in the Pun-
jab; and, to the south and south-east, flows as a very gentle current,
chiefly a day wind, drifting from the N. W. down the Gangetic plain ;
from north or N. E., and somewhat stronger, across the Central Indian
plateau and the Satpuras; and from north or N. N. W. in Lower
Bengal ; then turning to N. E. or E. in the northern part of the penin-
sula, while, down the Bay of Bengal, it is pretty steady as the well-
known N. E. monsoon. It turns, therefore, in an anticyeclonic curve
around the seat of maximum pressure in North Western India. Itsrate
of movement, its comparative steadiness, and its mean direction may be
estimated from the following tables :—

* Phil. Trans. vol. 164, p. 563.
+ Page 175.
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Percentage of Wind-directions and Mean Daily Movement of the Wind at
Stations in Northern India during the Winter Monsoon.
(November to I'ebruary.)

g

Per cent. 5 é
R . . - . . :g .
Slu Bl |B|u|BE g BE|EIEES
> z 0 % Z S Aes
g4
) Rawalpindi ......... 12 4 71 9] 5 21 9125|1381} 26 43
8 |Lahore ..o |12 7| 7|12| 3| 1| 3|20 |16! 31| 43
2 ;| Ludhiana .........] 10| 5| 8| 2| 9 1| 2| ¢ |42 |30| 33
<EF| Delhi.ooveereernnnnenns 71 7| 5] 3|11 3| 8|27130| 6| #3
&5 | Mooltan 12) 8|21 1|10| 4|14 2|15|25| 47
% | Jacobabad .........| 417 |14} 9| 5| 1| 3| 6|13 |32 48
z | Bickaneer ............ 411018 8| 7| 92| 5| 7|16 68
o |Roorkee.............|17{ 2} 8} 213} 3| 6| 6|25 40 50
= Bareilly ....... L1121 83| 5| 4 8] 1 711739 |16 68
& |Lucknow .... 12 (12 6 2| 4| 2| 517|128 25 43
- Allahabad .... 12 9 6 9 2 3 61]2L| 117 30 38

© | Gorakhpur.... 12 1| 2 4| 6| 2| 7(129|15]| 34 ?
¥ | Benares ....... ..l16| 4| 6| 8| 3| 3|11|39|12] 14 64
(‘; Patna ....coooveiinnnns 13 4 5 7 3 3 8135|1619 44
Purneah............... 71 4| 9 91 38 2 8152|138 ... 46
Hyderabad ......... 4 | 41 740 ... 1 2110 5119 |15 158
g _| Kurrachee....... o020 9118116 4| 4114118 9| 8| 9229
o s ’_g Rajkot 4 (23|25 20 2 1 3 6|11 9 126
&E| Deesa .......... 2211928 11| 7| 3| 6| 9]14| 8| 202

& 7| Pachbudra.... 3| 412415 5| 4 9 4 6|29 P
SUrab coveeveerereane, 4012171810 | 2|12 14|11 | 4| 132
= Mount Abu ......... 5| 9119|114 8110{18| 9 7 6 105
& | Neemuch ..........| 4| 8[12|12|15{16 16| 9|12]| ? | 133
S 4 Indore 4110115 |28 8| 8, 4 (12| 5110 59
/& | Jhansi.......... 10 2135 6 8 2115 4111 | 17 51
£ £| Nowgong 4(18| 9| 9| 8 1| 5|11|16|28]| 38
ATy Saugor ....... 1116 (29[ 10| 6 5 7111 14 2 54
2| SUENA v 51171183 8] 3| 4| 5111382 7 89
€ g | Jubbulpore............ 1124 |18 7| 6[16| 6| 8| 9| ¢ 55
5 &, Pachmarhi.... 11|15 | 17 8|15 7 9 5|21 3 68
8 Seoni .......... L 11 2140 5116 118 16 2 68
Chikalda ............ 5125 4 4|11 (18|12} 7|17 2 110

g5
EE @ Hazaribagh ......... 14 (10| 6| 4| 4] 41! 6|23 40| 3| 118
Cz

B Berhampore ......... 14 | 24 8 3 2 2 8 1(? 25 | 12 41
& £ 5 Caleutta......... 198t 7] 6 3| 9l 815 20/ 1| s
S5 Jessore ... w14 130110 8] 4| 4| 5| 8 25|11 42
A1 Dacca uuivnenniinnnn.n, | 417 9 8" 4| 7| 9 15 20| 16 53
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On comparing these tables with those for the snmmer monsoon,
at the same stations, the relative greater frequency of calms, more
especially in the Punjab and the Gangetic plains, the inferior steadiness
of the wind in the prevailing quarter, and the very low absolute rate
of its movement are strikingly apparent. The highest rates of move-
ment are in Western India, as are also those of the summer winds, but
the former vary from less than half to less than two-thirds of the latter,
and the directions are much more variable.

It is further to be noticed that, while, at most stations, there is one
direction of decided maximum, with some oscillation on either side
(this being the local direction of the winter monsoon), at stations in the
Punjab and the adjacent parts of the Gangetic plain, and also at Jhansi,
Jubbulpore, Chikalda, Mount Abu, and Kurrachee, there is a distinct
secondary maximum from an opposite quarter; and, at Mount Abn,
Neemuch, and Bickaneer, a certain absolute preponderance of southerly
winds. These are the winds which interrupt the winter monsoon and
bring up the vapour that is condensed on the Himalaya as snow, and
on the plains of Northern India as the winter rains of that region.

In fact, not only is the barometric gradient which characterizes
the winter monsoon less highly inclined than that of the opposite season,
and the vertical height to which it prevails (the elevation of the neutral
plane) considerably less, but it is more frequently reversed, and espe-
cially so in January and February; and, asa temporary phenomenon,
barometric minima, with the usual vortical systems of winds, occasionally
appear in Northern India. On such occasions, rain almost invariably
follows, beginning generally over the mountains that hem in the Pun-
jab, and on the plains at their foot, and thence extending to the east
and south-east ; while the barometric depression moves eastward, and
cold westerly winds, bringing fine weather and a wave of high baro-
metric pressure, follow up in the rear.

In the majority of cases the history of which has hitherto been
traced out, the barometric minimum first appeared, and was apparently
formed in some part of the great north-western plain, most frequently
in the Punjab or Upper Sind; but, in some cases, in Western Raj-
putana. Mr. F. Chambers has put forward the suggestion* that these
minima travel hither from regions further west, from the plateau of
Beloochistan or the still loftier mountain-tract of Afghanistan; but this
seems to be a misapprehension. We have, indeed, no observatory in
Afghanistan, and it may be long before any systematic observation is
possible in that interesting, but turbulent, country. But an observatory
has existed for some years past at Quetta, and, although its clevation is

* Nature, vol. xxiii, p. 400.
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not known with sufficient precision to admit of its barometric register
being reduced to terms comparable with those of the Sind and Punjab
stations, I have compared the oscillations of the Quetta baromecter with
those in the valley of the Indus, when barometric minima have appeared
in Upper Sind, and find that, with two very doubtful exceptions, in
January and February 1880, any fall of pressure at Quetta was either
simultaneous with the fall in Sind, or somewhat later. In one of these
exceptional instances, there was a slight fall at Quetta two days, and
in the other one day, before it took place at Jacobabad; but on both
oceasions, the great fall, when the minimum was established in Upper
Sind, was simultaneous at both stations. In such cases as that of the
25th January 1878 (when the minimum first appeared at Deesa) and
those of January, February, and March 1881 (when a barometric depres-
sion which had existed in Western Rajputana throughout the cold
season, was simply intensified immediately prior to the rainfall), there
could be no question of a depression travelling from the westward.

But it is not only in North-Western India even, that barometric
minima are occasionally formed in the winter months: in the case of
the rain of the 10th to 13th Januwary 1878, it first appeared on the
western half of the Deccan platean ; in that of the 10th February 1879,
a long trough-shaped depression ran through the heart of India from
Belgaum to Lucknow, and, in that of the 15th to 18th February 1880,
it was first established in the Central Provinces, whence it was trans-
ferred to the Punjab; and the distribution of pressure, in Northern
India, became strikingly similar to that which characterizes the rainy
season.

There is, then, no reason to doubt that, notwithstanding that Nox-
thern India is in general and on an average an area of high pressure
in the winter season, relatively to lower latitudes, this condition is by
no means constant or lasting. The atmospheric pressure, in extra-
tropical India, more frequently than that of the peninsula, occasionally
falls below that prevailing over the seas to the south, causing vapour-
bearing currents to pour in from that direction; and these currents, in
ascending around the seat of minimum pressure, chiefly on the east and
north of the minimum, condense that vapour as rain (and on the hills
as snow). This is a more or less regularly recurrent featurc of the
winter season.

Of the conditions which determine the formation of these barometric
minima, but little can be positively asserted in the present state of our
knowledge. That they do not originate in a local excess of temperature
in the lower atmospheric strata, is abundantly apparent; the rise of
temperature that, in gencral, precedes the rainfall, and is accompanied
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with a rise in the relative and absolute humidity of the air, is simultane-
ous with the setting in of the southerly wind ; and this change of wind
implies a pre-existing reversal of the barometric gradient, which is the
phenomenon to be accounted for. The following considerations may,
however, be worthy of attention as tending to throw some light into the
prevailing obscurity.

It has been shewn above, that, at the very moderate elevation of
7,000 feet over the outer Himalaya, the barometric gradient is on an
average slightly, but distinctly, reversed. At greater elevations, it is
most probable that the reversal is more decided, for I have shewn
elsewhere* that at Leh (11,500 feet) the pressure in February is at its
annual minimum, and the wind-registers of all our hill-stations establish
the fact that, throughout the winter months, the prevailing winds are
southerly. This preponderance is no doubt, in some measure, perhaps
mainly, due to th® fact that the observations are those of 10 A. . and
4 p. M. only; at which hours the diurnal up-draught of the mountain
winds, in an otherwise still atmosphere, is fully active. But I have
myself witnessed at Darjeeling, in December, the effects of a strong
steady current, sweeping overhead from the south-west, clothing the
snowpeaks with cloud-banners. This strong southerly wind is, however,
exceptional ; and is that which precedes rain; and although it is not
improbable that, at great elevations, there is a more or less steady flow
of air towards Central Asia, to feed the outflow, at low levels, from the
anticyclone which, as we know, normally exists in the winter over Nor-
thern and Central Asia, there is no reason to question that, up to a
considerable elevation over Northern India, the more usual condition is
one of comparative stillness or at most of light movement. And, in this
state of the atmosphere, even a feeble local action, tending to reduce
the density and therefore the pressure, may suffice to set up a centripetal
influx of air which may in a short time produce a well-developed baro-
metric minimum. How this may be brought about will be shewn
presently.

The southerly surface winds that are invariably the precursors of
precipitation, are not merely local ; they prevail also far to the south,
indeed over a great part of India; and they arrive charged with vapour
gathered both from the sea and from the warmer land-surface of more
southerly regions.

It seems not improbable, then, that the ulterior conditions which
give rise to the winter rains, may have their seat in the more elevated
or middle region of the atmosphere ; and we must look to the formation
of cloud as the condition which, by disturbing the thermal equilibrium

* Indian Met. Memoirs, vol. i, p. 224.
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of the atmosphere, determines a convective current with a cyclonic eir-
culation, and a barometric minimum. The prevailing calmness of the
Punjab atmosphere, combined with a high degree of relative humidity
in the winter months, affords conditions not unfavourable to this action.

Before proceeding further with this discussion, it will be of advan-
tage to consider the distribution of the winter rainfall, its distribution
both in time and space.

For this purpose it will not be necessary to illustrate the subject
in great detail, and, instead of giving the means of individual stations,
I shall summarize the data in the form of the averages of large areas.
The following table gives the average amount of the fall in each of the
months from November to March.

Summary of the Winter Rainfall of Batra-tropical India.

L
INCHES OF RAINFALL.

Total.

Stations.
December,

November.
January
February.

March.

5 046 | 0051 | 065 | 1'06 | 129 | 397
4 106 | 150 | 157 | 264 266 [ 943
11 018 | 0060 | 077 | 1’15 | 114 | 384

Peshawar and Derajat...............
Hazara and Patwar .............
The four doabs .......cocevuins

Eastern Punjab.....c..c..oooviniiinns 11 007 | 00568 | 091 | 095 | 095 | 346
Kangra, Sirmoor and Kumaon ... | 11 018 | 101 | 2110 | 280 | 264 | 863
N. W. P. & Oudh, Western half*... | 24 006 | 033 | 081 | 066 | 057 | 243

Ditto  ditto, Kastern half ... | 15 010 | 0015 | 066 | 055 | 034 | 1'80
North Behar and Bhagalpore...... 5 | 008 | 0010 | 0058 | 053 | 045 | 174
Northern Bengal ....oovvieninnanne 8 034 012 043 | 079 | 1118 | 286
Assam and Cachar o] 18 | 095 036 | 064 | 135 | 345 | 700
Upper Sind  .....oooviivenieiiinnn, 3 008 | 016 | 023 | 0137 | 044 | 1-28
Lower Sind, Cutch and Gujarat... | 18 008 | 007 | 011 | 016 | 006G | 048
Rajputana ........coocoveiininininnens 20 009 | 027 | 011 | 031 ] 015 | 093
Central India, &c.....ovvvvveieninnnn, 24 016 | 019 | 042 | 040 | 023 | 1'40
Mirzapore and Chutia Nagpur ... | 14 | 022 | 0113 | 058 | 078 | 057 | 228
Lower Bengal .........ccoevevneenns 15 050 | 017 | 048 | 107 | 160 | 3'82

The above table includes the whole of extra-tropical India, and
it is only in a portion of this region that the cold weather rainfall ean
be regarded as a well-marked and regularly recurrent phenomenon ;
having a distinet maximum, that is to say, in the winter or spring
months and equally defined minima before and after. The variations,
shewn in the above table, arc considerable, both as regards the total
amount and the epoch of the maximum. It is on the N. W. Himalaya

* The meridian of Lucknow is taken as the boundary.
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and on the hills of the Northern Punjab that these rains are most copious,
and that the maximum falls latest ; the precipitation frequently taking
the form of snow at all but the less elevated stations. In the extreme
north-west, they attain their maximum in March and April; for the
April rainfall (not shewn in the table) is about equal to that of March
at Peshawar and in the hills of Hazara, while that of May and June
is insignificant. But south of the Salt Range, and on the plains of the
Eastern Punjab, the rainfall of February and March exceeds that of
April.  Still further to the south-cast, throughout the greater part of
the Gangetic plain, the maximum occurs still carlier, viz., in January ;
and this holds good as far as Behar and the confines of Northern Ben-
gal. This anticipation of the maximum is not due to the January
rainfall of the Gangetic plain being heavier than that of the Punjab.
On the contrary, it is rather less : but the decrease in a south and S. K.
direction is much less rapid in January than in the subsequent months.
In Northern Bengal, even the January maximum has vanished ; and
while the average rainfall of that month is only slightly less than in
Behar and the eastern part of the N. W. Provinces, that of February
is higher, and that of March shews a further considerable increase. So
far, the course of the variation seems to resemble that of the N. W.
Punjab; but the further steady increase of the fall in April, May, and
June shews that this resemblance is fallacious, and that we have here
to do with a phenomenon of a different order, v1z., the storm precipita-
tion of the spring months, the characteristics of which are still more
pronounced in the more easterly province of Assam. As a well-marked
feature of the local meteorology, the cold weather rainfall does not
extend, in an easterly direction, beyond the province of Behar.

Turning now to the regions somewhat further south, but still, for
the most part, without the tropic, we see that in Upper Sind the total
fall of the five months is very small, notwithstanding that it represents
nearly one-third of that of the year; and also that, as in the Derajat,
it reaches its maximum in March. In Lower Sind, Cutch, and Gujarat,
the whole precipitation of the season is insignificant; but a maximum
is still faintly indicated in February, and the same is more strongly
marked in Rajputana, where the fall is about double as great. In
Rajputana, it would appear that the December rainfall is almost as
great as that of March ; but this is mainly due to an exceptionally heavy
rainfall in December 1877,* combined with the fact that the Rajputana
registers extend over a shorter period than those of most other parts

* On this occasion ncarly five inches of rain were registered at Banswara,
between 3 and 4 inches at Jhalrapatam and Ulwar, and over'2 inches at Kotah,
Deoli, and Bhurtpore.
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of the country. I do not think, therefore, that, on the average of a
long period of years, the November rainfall of Rajputana would be
found to follow a different law of distribution from that of other pro-
vinces around. In Central India, including those portions of the Central
Provinces and the N. W. Provinces that extend between the Jamna and
the Satpura range, the total fall is again higher, with a maximum in
January and February; and, still further east, in Mirzapore, South
Behar, and Chutia Nagpur, it is again greater, with the maximum in
February ; but this apparent retardation of the maximum is evidently
due to the inclusion of the early spring storms which in Chutia Nagpur
become of relatively greater importance; and this is rendered further
cvident in the table for Lower Bengal.

The conditions which determine the storm precipitation of the
spring months will be noticed elsewhere. Meanwhile, it results from
the above analysis that the cold woather rainfall, as hete considered, is
that which takes place chiefly on the north and east of the barometric
depressions, which are occasionally formed, in the winter months, in
North-Western India. It is most copious where normally the winter
temperature is lowest, viz., on the N. W. Himalaya. It decreases rapidly
to the south, and less rapidly to the south-east, and, in this latter direc-
tion, it blends into and becomes with difficulty distinguishable from the
rainfall of the spring storms, which are, however, a phenomenon of a
different order.

Having thus defined the area and noticed the general characteristics
of the winter rainfall of North-Western India, T will return to the
question of the origin of those barometric depressions which have been
shewn to be the immediate precursors of the precipitation, or perhaps
rather of simultaneous formation. The area above defined as that of
the winter rains, is identical with that in which, as has long been
known, the relative humidity of the air, instead of diminishing towards
the interior of the country, increases with the increasing distance from
the sea-coast. On page 203 of the Indian Meteorologist’s Vade BMecum
(Part 11, para. 109), I described this phenomenon as follows: ““ In the
maritime provinces (of India) there are but one (annual) period of
maximum and one of minimum humidity ; in the Punjab and in Central
India and the North-Western Provinces, there are two annual maxima
and two minima ; and in the drier part of the first named provinee, the
winter is the dampest season of the year g y 4 %. Stations on the coast
line have, at all times of the year, a higher degree of relative humidity
than those on the plains of the interior. But the rate of increase is
very different at different scasons; and in consequence of the greater
cold of Upper and cxtra-tropical India, in the first three months of ihe
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year, the rule of increasing dryness with increasing distance from the
coast holds good inland, only as far as Behar ; and thenee to the Panjab
the relative humidity of the atmosphere increases steadily. It appears
to be higher also through Central India, north of the Satpuras, but the
meteorological statistics of this tract have not yet been sufficiently
worked out to enable us to fix the limits of the arca of higher winter
humidity.”

The above passage was written in 1876, only a year after the
meteorological data for the whole of India had been, for the first time,
concentrated in one central office, and when the system of observation
had been but rceently extended to many stations in Rajputana and
Central India. It is, therefore, desirable to set forth, in a tabular form,
some excerpts from the further evidence which has since been put on
record ; and, to this end, I give, in the following tables, first, the absolute
humidity of the alr as represented by the proportion of vapour in 1,000
parts (volumes) of air, second, the relative humidity, and, third, the
cloud proportion (in thousandths of the sky-expanse*) in each of the
six months November to April for four series of stations, three passing
successively from east to west (or mnorth-west) and representing re-
spectively the Himalaya, the alluvial plain, and the plateau which extends
between the latter and the Satpura range; and the fourth passing from
south to north, beginning with stations south of the Satpura range,
and terminating in the Punjab.

* The figures of the two latter tables are extracted from those of the average
values of the several meteorological elements given in the Report on the Meteo-
rology of India in 1881.
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The above table confirms and justifies the description already quoted
from the Vade Mecum, and also the generalization just given, that the
area of the winter sccondary rainfall maximum coincides with that in
which there is also a winter secondary maximum of relative humidity.
But it also brings into prominence some further facts, which assist in
throwing much light on the causes of the rainfall. In the first place,
it is to be noticed that the increase of the relative humidity of the later
months, as we proceed from Behar towards the Punjab, is due, solely,
to the fall of temperature ; the absolute humidity being almost constant ;
but the latter is decidedly lower on the high ground of Central India
and Rajputana, south of the Gangetic plain, than on the latter and in
the Punjab. These two facts, viz., the uniformity of the absolute humi-
dity over the riverain tract, and its decrease on the higher ground to
the south, indicate that it is mainly dependant on local evaporation;
being, in fact, furnished by the rivers, the undried swamps left by the
autumnal floods, and, in no small degree, probably, by irrigation and
the rich vegetation of the green winter crops. In the second place, it
is to be observed that this riverain tract also coincides with the region
of lower normal pressure, to the north of the axis of maximum pressure,
shewn on the normal baric charts, on Plate II. And lastly, the tendency
to cloud formation follows, on the whole, the same laws of distribution
as the relative humidity of the lower atmosphere, with, however, this
important exception ; that, except in April and to a slight extent in
March, it is lower in the neighbourhood of the coast (in Lower Bengal),
notwithstanding the higher relative humidity of the lower atmosphere,
than in the Upper Provinces, where the rainfall generally originates.

Now putting together the several facts thus independently elicited
from the study of our registers, we arrive, I think, at the outlines of
a consistent theory of the production of the winter rainfall. We have,
in the first instance, steady evaporation over an extensive moderately
humid tract, at a comparatively low temperature, it is true, but in an
atmosphere, the stillness of which allows of steady diffusion of the
vapour to high levels, and the consequent formation of cloud. The
slight disturbance of the baric equilibrium which follows (since the
vertical decrease of temperature in a cloud-laden atmospherc is slower
than in a clear atmosphere), is succeeded by a gentle indraught of
warmer and more humid air from the south; for the Himalaya bars
access to northerly winds. A vortex is then rapidly formed, accompanied
with an increased cloud-formation, and speedily followed by precipita-
tion ; which takes the form of snow on the hills, and of rain over the
river plains,  The rainfall is invariably followed by a cool wind, and
a wave of high barometric pressure from the west, which I can only
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attribute to a drainage of cool heavy air from the valleys of the
hills surrounding the Punjab and the high lands of Beloochistan and
Afghanistan ; air cooled by the precipitation on the mountains.

If the above view be true, the stillness of the atmosphere, combined
with the presence of a moderate evaporation, must be accepted as the
condition which primarily determines the formation of barometric minima,
and the winter rains of Northern India. And this stillness is obviously
due to the existence of the lofty mountain ranges which surround Nor-
thern India, leaving free access to the plains open only to the south.

Were the Himalayan chain absent and replaced by an unbroken
plain, stretching up to the Gobi desert, it is probable that the winter
rains of Northern India would cease ; any local evaporation in the Punjab
and Gangetic valley would be swept away by strong dry N. E. winds
blowing from the seat of high pressure, which, in the winter months,
lies in Central Asia; and instead of the mild weather and gentle breezes
which now prevail at that season, on the Arabian Sea, it would be the
theatre of a boisterous and even stormy monsoon, such as is its local
cquivalent of the China Seas. Other and even greater changes of
climate, that would supervene on the suppression of the Himalayan
range and the consequent alteration of the summer monsoon, its preci-
pitation, and the course of the land drainage thereby fed, it would be
beyond the province of my present subject to discuss.

II.—Descriptions of some new Asiatic Diurnal Lepidoptera ; chiefly from
specimens contained in the Indian Museum, Calcutta.—DBy FREDERIC
Moozrg, F. Z. S., A. L. S. Communicated by the NaTurAL HistorY
SECRETARY.

[Received May 14th,—Read June 4th, 188+.]

Family NYMPHALID.A.
Subfamily SATYRINE.
Genus YrramvMa, Hibner.

YPTHIMA MAHRATTA, 1. Sp.

Male and female. Upperside brown; forewing with a subapical
bipupilled ocellus ; between which and the outer margin is a pale brown
curved fascia as in Y. mewara: hindwing with a very small subanal
unipupilled ocellus.

Underside pale whitish-brown, very numerously covered with short
delicate pale brown strigee, which are uniformly disposed : forewing with
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